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DEVICE FOR TRANSMITTING OPTICAL 
DATA 

BACKGROUND OF THE INVENTION 

The present invention relates to a device for transmitting 
optical data, Which is installed in both of an automated 
guided vehicle and a manufacturing machine so as to 
transmit data necessary for delivery of a transfer object by 
tWo-Way communication Within a transportation system 
having an interlocking mechanism, and more particularly 
relates to a device for transmitting optical data, Which 
includes a non-volatile memory for recording and holding a 
communication log, reads the communication log When a 
trouble occurs and promptly investigates the cause of the 
trouble. 
On the manufacturing line of a semiconductor device or 

a liquid crystal display, semiconductor Wafers or the sub 
strates of the liquid crystal display are transferred to a 
plurality of manufacturing machines arranged in a building 
by an automated guided vehicle according to the process. 

FIGS. 6(a), 6(b) and 6(c) shoW the states of delivery of a 
carrier 4 as a transfer object storing a semiconductor Wafer 
3 betWeen an automated guided vehicle 1 and a semicon 
ductor manufacturing machine 2 by an AMHS (Automated 
Material Handling System) on a manufacturing line of a 
semiconductor device. FIG. 6(a) shoWs a state in Which the 
automated guided vehicle 1 is a self-running AGV 
(Automated Guided Vehicle) that runs on Wheels and the 
carrier 4 is loaded on the semiconductor manufacturing 
machine 2 by an arm 5 and a hand 6 of the AMHS. FIG. 6(b) 
shoWs a state in Which the automated guided vehicle 1 is an 
RGV (Rail Guided Vehicle) that runs along a guide rail 7 
?xed to the ?oor and the carrier 4 is loaded in the same 
manner as above by the AMHS. FIG. 6(c) shoWs a state in 
Which the automated guided, vehicle 1 is an OHT (Overhead 
Hoist Transport) that runs along a guide rail 8 ?xed to the 
ceiling and the carrier 4 is loaded by a hoist 9 and a hand 10 
of the AMHS. 

The above-mentioned delivery of the carrier 4 is per 
formed by host computers installed in the automated guided 
vehicle 1 and the semiconductor manufacturing machine 2, 
respectively, according to the instructions from a control 
system that controls the entire manufacturing line. During 
the delivery, it is necessary to operate the automated guided 
vehicle 1 and the semiconductor manufacturing machine 2 
interactively. Therefore, sending and receiving of necessary 
data are performed by optical data transmission devices 11 
installed in both of the automated guided vehicle 1 and the 
semiconductor manufacturing machine 2. 

The optical tWo-Way communication betWeen the auto 
mated guided vehicle 1 and the semiconductor manufactur 
ing machine 2 s carried out When the automated guided 
vehicle 1 reaches a position Where it faces the semiconduc 
tor manufacturing machine 2. The contents of this commu 
nication When loading the carrier 4 from the automated 
guided vehicle 1 on the semiconductor manufacturing 
machine 2 are such that the automated guided vehicle 1 
sends transfer port specifying signals (CSiO, CSfl), a port 
use signal (VALID), a transfer request signal (TRiREQ), a 
busy signal (BUSY) and a complete signal (COMPT) to the 
semiconductor manufacturing machine 2, and the semicon 
ductor manufacturing machine 2 sends an acceptance 
request signal (LiREQ) and an acceptance permission 
signal (READY) to the automated guided vehicle 1. These 
signals continue to be sent or received during a period of 
time When the delivery of he carrier 4 is being carried out. 
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2 
Similarly, on the manufacturing line of a liquid crystal 

display, since the liquid crystal display is manufactured by 
similar processing steps though a glass substrate of a slightly 
larger siZe is used instead of the semiconductor Wafer 3, the 
transfer is performed in the manner similar to that shoWn in 
FIGS. 6(a), 6(b) and 6(c). 

Since the transfer objects of these manufacturing lines are 
very expensive and easily broken, it is necessary to handle 
them carefully so as not to give them shock. Hence, the 
transportation system for them has an interlocking mecha 
nism that immediately suspends the transfer operation When 
some trouble occurs. 

In the above-mentioned transportation system, When a 
trouble occurs due to some cause, the interlocking function 
is performed to suspend the operation for safe reasons. 
Although the frequency of occurrence of trouble is loW, it is 
unknoWn When and Where trouble occurs. In this case, it is 
necessary to investigate the cause of trouble and deal With 
the cause so as to prevent reoccurrence of the same trouble. 

This interlocking performed due to a trouble often occurs 
during the delivery of the transfer object Which is carried out 
by executing a plurality of steps by each of the automated 
guided vehicle and the manufacturing machine While per 
forming data transmission therebetWeen. The host computer 
activates the interlocking function of its oWn vehicle or 
device immediately When a trouble occurs in its oWn vehicle 
or device. On the other hand, When a trouble occurs in the 
vehicle or device of the other host computer, the host 
computer detects the trouble from a fact that a response to 
the sent signals has not been received in a certain period of 
time, and activates the interlocking function. 

Thus, When the interlocking function is activated, if it is 
possible to identify Which step of the delivery of the transfer 
object involves With the trouble from the contents of data 
sent or received just before the occurrence of trouble, the 
cause can be investigated relatively easily. 

HoWever, a conventional optical data transmission device 
does not have a function of recording the communication 
history. Hence, if the transportation system is suspended, it 
is necessary to investigate the Whole system and thus it takes 
a long time for recovery, causing a considerable loWering of 
the manufacturing efficiency of the manufacturing line. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a device 
for transmitting optical data, Which records a communica 
tion log for a certain period of time and reads the commu 
nication log When a trouble occurs so as to promptly 
investigate the cause of the trouble. 
The present invention is a device for transmitting optical 

data, Which is installed in both of an automated guided 
vehicle and a plurality of manufacturing machines arranged 
on a manufacturing line so as to transmit data necessary for 
delivery of a transfer object by tWo-Way communication 
Within a transportation system having an interlocking 
mechanism for suspending an operation When a trouble 
occurs and transporting the transfer object to the manufac 
turing machines by the automated guided vehicle, charac 
teriZed by including: a non-volatile memory for recording 
and holding a communication log; and communication log 
recording means for Writing a communication log in the 
non-volatile memory and outputting the recorded contents of 
the communication log to an external device When there is 
an inquiry from the external device. 
The communication log stored in the non-volatile 

memory is a historical record of tWo-Way data communica 
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tion performed between the automated guided vehicle and 
the manufacturing machine during one delivery, and records 
the steps until the transportation system suspends the opera 
tion by interlocking. Therefore, if the communication log is 
read When a trouble occurred, it is possible to knoW the 
process of the delivery operation performed betWeen the 
automated guided vehicle and the manufacturing machine 
until the interlocking occurred. Consequently, the cause of 
the trouble can be promptly investigated. 

Incidentally, at least one of the devices for transmitting 
optical data installed in the automated guided vehicle and 
manufacturing machine need to have the communication log 
recording means. 

In the above-described structure, it is possible to alloW the 
non-volatile memory to have a storage capacity capable of 
recording a series of communication log for one delivery 
and the communication log recording means to clear the 
recorded contents of the non-volatile memory When starting 
the communication for the delivery of the transfer object and 
then start recording a series of communication log. 

This arrangement is made because the communication log 
of one delivery performed just before the occurrence of a 
trouble is necessary and sufficient for investigating the cause 
of the trouble. Accordingly, since only this communication 
log is to be stored, the storage capacity of the non-volatile 
memory is made smaller, thereby facilitating the investiga 
tion of the cause of the trouble. 

Moreover, in the above-described structure, it is possible 
to alloW the communication log recording means to include 
optical communication means for receiving an inquiry about 
a communication log from an external device through a light 
emitting and receiving device and for outputting the com 
munication log recorded in the non-volatile memory in 
response to the inquiry. 

This arrangement makes it possible to investigate the 
cause of a trouble immediately on the spot Where the 
automated guided vehicle is suspended, by reading the 
communication log With the use of a portable light 
transmitter-receiver. 

In the present invention the communication log of the 
optical data transmission performed during the delivery of 
the transfer object betWeen the automated guided vehicle 
and the manufacturing machine is recorded in the non 
volatile memory and the stored contents is alloWed to be 
read, if necessary. Therefore, When a trouble occurs, it is 
possible to promptly investigate the cause of the trouble and 
recover the transportation system having the interlocking 
mechanism, thereby improving the manufacturing effi 
ciency. 

The nature, principle, and utility of the invention Will 
become more apparent from the folloWing detailed descrip 
tion When read in conjunction With the accompanying draW 
ings in Which like parts are designated by like reference 
numerals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIG. 1 shoWs an eXample of the structure of a device for 

transmitting optical data of the present invention; 
FIG. 2 shoWs an eXample of time installation of the device 

for transmitting optical data of the present invention in an 
automated guided vehicle and a semiconductor manufactur 
ing machine; 

FIG. 3 is a timing chart of input and output signals of the 
automated guided vehicle and semiconductor manufacturing 
machine during the delivery of a transfer object; 
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4 
FIG. 4 is a How chart shoWing the recording process of a 

communication log performed by communication log 
recording means in a control section and the external output 
process in response to an inquiry; 

FIG. 5 is a timing chart of input and output signals of an 
automated guided vehicle and a liquid crystal display manu 
facturing machine during the delivery of a transfer object; 
and 

FIG. 6 shoWs a delivery operation of a transfer object 
performed betWeen an automated guided vehicle and a 
semiconductor manufacturing machine for each type of 
automated guided vehicle. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The folloWing description Will eXplain an embodiment in 
Which the present invention is applied to a manufacturing 
line of a semiconductor device. In FIG. 1, reference numeral 
11 indicates an optical data transmission device having a 
communication log recording function of the present inven 
tion. This device includes a light emitting and receiving 
section 12, a control section 13, a non-volatile memory 14 
and an input/output interface 15. 

The light emitting and receiving section 12 is composed 
of a light emitting element 12a such as an LED, a light 
receiving element 12b such as a photodiode, and a 
transmitter-receiver circuit 12c. The transmitter-receiver cir 
cuit 12c causes the light emitting element 12a to emit light 
by a modulated signal obtained by modulating transmitted 
data by a predetermined carrier, ampli?es a light reception 
output of the light receiving element 12b, and then detects 
and decodes the ampli?ed output to obtain received data. 
The control section 13 is composed of CPU, etc., controls 

the transmission and reception of data, and includes com 
munication log recording means for recording a communi 
cation log. As the non-volatile memory 14, for eXample, 
EEPROM having a storage capacity capable of storing a 
series of communication log transmitted and received during 
the delivery of a carrier as a transfer object is used to record 
and hold the communication log. 

Reference numeral 15 is the input/output interface for 
providing a connection to a host computer, Which instructs 
a data transmission, by a connecting line 16. 
As shoWn in FIG. 2, the above-described optical data 

transmission devices 11 are installed in an automated guided 
vehicle 1 and a semiconductor manufacturing machine 2, 
respectively, and connected to host computers 17. The host 
computers 17 perform delivery control and running control 
of the carrier upon instructions from a control system that 
controls the entire manufacturing line. The tWo-Way data 
transmission betWeen the sender and receiver of the carrier 
is performed by the optical data transmission devices 11. 

In FIG. 2, reference numeral 18 indicates a light 
transmitter-receiver used for reading a communication log 
from the optical data transmission device 11. For eXample, 
by pressing a communication log read sWitch in a state in 
Which the light emitting and receiving section of the light 
transmitter-receiver 18 is directed to the light emitting and 
receiving section of the optical data transmission device 11, 
the light transmitter-receiver 18 displays the contents of the 
communication log on a display. 
The communication log recorded by the communication 

log recording means provided in the control section 13 as a 
characteristic feature of the present invention records input 
and output signals representing the carrier delivery process 
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between the automated guided vehicle 1 and the semicon 
ductor manufacturing machine 2 and the passage of time. 
When loading a carrier 4 from the automated guided vehicle 
1 on the semiconductor manufacturing machine 2, for 
example, the input and output signals are transmitted as 
shoWn in the timing chart of FIG. 3. 

In FIG. 3, LiREQ and READY in the upper roWs 
represent input and output signals indicating the internal 
state of the semiconductor manufacturing machine 2, and are 
sent to the automated guided vehicle 1. CSiO, CSfl, 
VALID, TRiREQ, BUSY and COMPT in the loWer roWs 
represent input and output signals indicating the internal 
state of the automated guided vehicle 1, and are sent to the 
semiconductor manufacturing machine 2. Since each of 
these signals is 1-bit data, it is sent by alotting one signal to 
each bit of one 8-bit transfer frame. This one transfer frame 
is subjected to parallel processing in the optical data trans 
mission device 11, but is serially transmitted during the 
optical communication. 

The input and output signals continue to be transmitted 
mutually betWeen the automated guided vehicle 1 and the 
semiconductor manufacturing machine 2 during the carrier 
delivery period so that the automated guided vehicle 1 and 
the semiconductor manufacturing machine 2 knoW the states 
of the opposite party. Each of the automated guided vehicle 
1 and the semiconductor manufacturing machine 2 changes 
its oWn input and output signals in accordance With the 
changes in the input and output signals of the semiconductor 
manufacturing machine 2 or automated guided vehicle 1 as 
the opposite party and the progress of its Work, and causes 
the carrier delivery process to proceed. 

The folloWing description Will explain FIG. 3 in detail. 
When the automated guided vehicle 1 arrives a position 
Where it faces the semiconductor manufacturing machine 2, 
it ?rst turns on the transfer port specifying signal (CSiO) for 
loading and further turns on the port use signal (VALID) to 
let the semiconductor manufacturing machine 2 knoW the 
arrival. Upon the receipt of the signals, the semiconductor 
manufacturing machine 2 sends the acceptance request 
signal (LiREQ) and starts preparing, for example, opening 
the shutter of an acceptance port (not shoWn), so as to 
receive the carrier 4. 
Upon receipt of the acceptance request signal (LiREQ), 

the automated guided vehicle 1 turns on the transfer request 
signal (TRiREQ) and sends it to the semiconductor manu 
facturing machine 2. 

After receiving the transfer request signal (TRiREQ), if 
the preparation for receiving the carrier 4 has been complete, 
the semiconductor manufacturing machine 2 turns on the 
acceptance permission signal (READY) and sends it to the 
automated guided vehicle 1. Upon receipt of the acceptance 
permission signal (READY), the automated guided vehicle 
1 turns on the busy signal (BUSY) to start a transfer 
operation. When the semiconductor manufacturing machine 
2 detects the transferred carrier 4, it turns off the acceptance 
request signal (LiREQ) to let the automated guided vehicle 
1 knoW this state. When the automated guided vehicle 1 
completes the transfer of the carrier 4, it turns off the transfer 
request signal (TRiREQ) and busy signal (BUSY) and 
turns on the complete signal (COMPT). 
When the semiconductor manufacturing machine 2 

receives he complete signal (COMPT), it turns off the 
acceptance permission signal (READY) after completing 
the storage of the carrier 4 therein through the acceptance 
port. Accordingly, the automated guided vehicle 1 turns off 
the port specifying signal (CSiO), port use signal (VALID) 
and complete signal (COMPT) to complete the carrier 
delivery. 
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Next, referring to FIG. 4, the recording process performed 

by the communication log recording means provided in the 
control section 13 as a characteristic feature of the present 
invention and the output process performed by communi 
cation log output means in response to an inquiry about the 
communication log Will be explained. 
The control section 13 shoWn in FIG. 1 performs the 

transmission and reception of input and output signals With 
the opposite party through the light emitting and receiving 
section 12 as described above, and monitors Whether there 
is an inquiry about the communication log from the light 
transmitter-receiver 18 shoWn in FIG. 2. 

When data is received, the control section 13 judges 
Whether the data is an inquiry about the communication log 
from the light transmitter-receiver 18. 

If the data is not the inquiry, the control section 13 outputs 
the data to the host computer 17 and transmits the input and 
output signals of its oWn device or vehicle, When one series 
of transmission and reception is complete, the control sec 
tion 13 judges Whether there is a change from the previously 
transmitted and received data (8 bits+8 bits). If there is a 
change of at least ore bit, the change produces a change point 
in the timing chart shoWn FIG. 3 and therefore the change 
point is recorded by the communication log recording 
means. 

This recording is started When the transmission and 
reception of the data are judged to be the ?rst step of the 
transmission and reception performed for one delivery of a 
semiconductor. The judgement as to Whether the transmis 
sion and reception of the data is the ?rst step is made by, for 
example, Whether the transfer port specifying signals 
(CSiO, Csfl) are turned on. When the transmission and 
reception of the data is judged to be the ?rst step, the timer 
possessed by the communication log recording means is 
started and simultaneously the contents of the non-volatile 
memory 14 are cleared by initialiZing a pointer indicating a 
Write address of the communication log. 

Recording of the change point of the transmitted and 
received data is executed by Writing the transmitted and 
received data (8 bits+8 bits) at that point and additionally 
Writing the time measured by the timer (the measured time 
immediately after the start from count 0 When the transmis 
sion and reception of the data is the ?rst step) in the 
non-volatile memory 14. With this storage system, the 
timing chart shoWn in FIG. 3 can be perfectly reproduced 
later. 
At the conditional branch of the How chart, if the data is 

judged to be an inquiry about the communication log, the 
communication log output means outputs the communica 
tion log. This means that the contents of the communication 
log recorded and held in the non-volatile memory 14 are 
output to the light transmitter-receiver 18 shoWn in FIG. 2 by 
the light emitting and receiving section 12, and the light 
transmitter-receiver 18 Which has received the contents of 
the communication log reproduces the timing chart of the 
input and output signals shoWn in FIG. 3 and displays it on 
the display. Consequently, the cause of the trouble can be 
promptly investigated. 

The application of the present invention to the manufac 
turing line of a semiconductor device has been explained 
above. HoWever, it is also possible to apply the present 
invention to a transportation system using an automated 
guide vehicle With an interlocking mechanism, such as the 
manufacturing line of a liquid crystal display. 

For example, since the manufacturing line of a liquid 
crystal display includes the processing steps similar to those 
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of the manufacturing line of a semiconductor device, the 
process of the transfer object delivery and the contents of 
communication performed betWeen the automated guided 
vehicle and the manufacturing machine are substantially the 
same. 

FIG. 5 shoWs a timing chart of the input and output signals 
recorded as a communication log on the manufacturing line 
of a liquid crystal display. Since the liquid crystal display 
has a large substrate siZe, a manufacturing machine having 
one transfer object delivery port is used. Therefore, it Would 
be appreciated from a comparison With FIG. 3 that the 
transfer port specifying signals (CSiO, CSfl) are not used. 
Thus, the judgment as to Whether the transmission and 
reception of data is the ?rst step is made by detecting 
Whether the port use signal (VALID) is turned on. 

Further, the objective of the communication log recording 
function of the present invention can be achieved if either of 
the automated guided vehicle 1 and manufacturing machine 
2 that perform optical communication has this function. 
Hence, a device for transmitting optical data having the 
function of the present invention may be provided in one of 
them, and a device for transmitting optical data having no 
communication log recording function may be provided in 
the other. 

While there has been described What are at present 
considered to be preferred embodiments of the invention, it 
Will be understood that various modi?cations may be made 
thereto, and it is intended that the appended claims cover all 
such modi?cations as fail Within the true spirit and scope of 
the invention. 
What is claimed is: 
1. A device for transmitting optical data installed in both 

of an automated guided vehicle and a plurality of manufac 
turing machines arranged on a manufacturing line so as to 
transmit data necessary for delivery of a transfer object by 
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tWo-Way communication Within a transportation system 
having an interlocking mechanism for suspending an opera 
tion When a trouble occurs and transporting the transfer 
object to the plurality of manufacturing machines by the 
automated guided vehicle, said device comprising: 

a non-volatile memory for recording and holding a com 
munication log; and 

communication log recording means for Writing a com 
munication log in said non-volatile memory and out 
putting recorded contents of the communication log to 
an external device When there is an inquiry from the 
eXternal device. 

2. The device for transmitting optical data according to 
claim 1, Wherein said non-volatile memory has a storage 
capacity capable of recording a series of communication log 
for one delivery of the transfer object, and said communi 
cation log recording means clears the recorded contents of 
said non-volatile memory When starting communication for 
the delivery of the transfer object, and then starts recording 
of a series of communication log. 

3. The device for transmitting optical data according to 
claim 1, Wherein said communication log recording means 
comprises optical communication means for receiving an 
inquiry about a communication log from an eXternal device 
and outputting the communication log recorded in said 
non-volatile memory in response to the inquiry through a 
light emitting and receiving device. 

4. The device for transmitting optical data according to 
claim 2, Wherein said communication log recording means 
comprises optical communication means for receiving an 
inquiry about a communication log from an eXternal device 
and outputting the communication log recorded in said 
non-volatile memory in response to the inquiry through a 
light emitting and receiving device. 

* * * * * 


